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THE SCHOOL REVIEW 



A JOURNAL OF SECONDARY EDUCATION 



METEOROLOGY IN THE SCHOOLS 

The opportunity for teaching meteorology effectively in the 
schools is favored by the liberal policy of the national Weather 
Bureau regarding the distribution of the daily weather maps. 
There are now over seventy cities in which the daily maps are 
prepared for prompt distribution to the surrounding districts, and 
the public schools receive a considerable share of the editions 
published. Besides the finer maps lithographed in the Central 
office in Washington, there were over 8,000 maps issued daily 
from the other publishing stations in 1893. 

Yet in spite of this open opportunity, there does not seem to be 
much growth, as far as I can learn, of a sound knowledge of the 
principles of meteorology, based, on the one side, on systematic 
induction from local observation extended by the facts presented 
on the weather maps, and, on the other side, on legitimate deduc- 
tions from accepted physical laws. One difficulty here is pre- 
sumably the absence of a modern text -book ; for Ferrel's Popular 
Treatise on the Winds is too advanced for most teachers as well 
as for scholars; it is an admirable reference book for college 
students but can hardly be used in the secondary schools. Waldo's 
Modern Meteorology is hardly intended as a text-book, but rather 
as a reference book for the expert, already informed in the science 
and desirous of following its recent advances. Abbe's transla- 
tions of foreign mathematical memoirs on meteorological subjects 
published by the Smithsonian Institution is too profound for use 
by any but proficient mathematicians. An Elementary Meteor- 
ology of my own, just published, will I hope enter into the cur- 
riculum of the high schools where meteorology finds a place, but 
it is not intended to reach the grammar schools, in which the 
first acquaintance with the weather maps and with the simpler 
facts and principles of the science should be made. The book 
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may help the grammar school teacher; but it is not intended for 
the grammar school pupil. There is indeed no book prepared 
for use in schools of this grade, from which the scholar can gain 
an adequate introduction to the subject; and I therefore submit 
herewith a brief outline of what seems to me the more important 
beginnings in the work. It may be said that an article of some- 
what similar tenor and under the same title as this, was printed 
in the American Meteorological Journal 'for May, 1892. 

I shall assume that the teacher in the primary school has called 
the attention of her children to various simple matters of observa- 
tion: warmer and colder weather and seasons; changes from wet to 
dry.from cloudy to clear, from windy to calm ; not as part of a special 
subject, under the name of meteorology, but simply as part of the 
elementary study of the facts about the school. Mr. Jackman 
has shown in his Number Work in Nature Study how far facts of 
this kind can be used as a basis of various exercises in arithmetic. 
Not later than the eighth year, some practice in systematic 
weather records of a simple kind should be afforded, preferably 
in connection with the study of geography, under whose broad 
shelter so many separate subjects of later years are first met. 

On some such basis as this, the earlier and middle years of the 
geographical course in the grammar school may be greatly en- 
riched by the introduction of weather mapsasabasis for inductive 
study. If the school is situated in a city where the maps are published, 
there should be little difficulty in getting a sufficient supply of 
maps. If they cannot be had direct from the local office of the 
Weather Bureau, they can certainly be had at second hand from 
some of the hotels or large stores, where they are often temporarily 
exposed for public reference; and even if a day or two old, they 
are still serviceable for most school uses. Country schools may 
sometimes have difficulty in securing a sufficient supply of the 
maps. The principal of the school should then write to the 
nearest map-publishing station of the Weather Bureau, or to the 
Chief of the Weather Bureau in Washington, as to the best means 
of securing what he needs. If the maps cannot be supplied di- 
rect to the school, it is likely that the observer in charge of the 
nearest map-publishing station can inform the teacher of some one 
from whom second hand maps can be had for not more than the 
cost of the postage, a cent or two a day. 
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The maps should be carefully preserved; for after a little study, 
the scholars should consult the collection with the object of dis- 
covering recurrent examples of a given type; but of this more 
below. Brown paper folders, large enough to hold the maps un- 
folded, in groups of a month, will serve all practical needs. 

In using the weather maps, the most important thing at first is 
to go slowly. In several published accounts of methods of using 
the maps in grammar schools, too rapid a rate of progress is at- 
tempted; and no sure foundation is laid for future work. The 
maps should be held before the scholars' attention during at least 
two years of grammar school study; never calling for much work 
upon them, and yet never allowing the preceding lesson to be- 
come stale before a new one is added. Much of the necessary 
work may be apportioned to one scholar after another; a general 
announcement of results being made before the class. Compari- 
son of observed local weather conditions with appropriate maps 
should not be introduced too soon; the real meaning of the 
weather maps must be learned before they are of much value in 
explaining local weather features. 

Temperature is probably the best weather element on which to 
begin. As the figures on the maps are often too faint for easy 
sight, the teacher should prepare a few maps before hand by re- 
peating the thermometer readings in strong black figures. Sev- 
eral contrasted maps should be at hand. One for New Year's 
day, one for the Fourth of July, or some such dates, suggestive of 
different seasons. After the preliminary explanation and exami- 
nation of the data for temperature, a description of the distribu- 
tion of temperature should be called for; thus exercising geog- 
raphy and language as well as illustrating the variation of tem- 
perature with time and place. Select some temperature which oc- 
curs on both the winter and summer maps; for example, 50° F. 
Ask the class to determine over what part of each map a higher 
temperature is recorded. Let one of the more dextrous scholars 
draw a line between the areas that are warmer and colder than 
50°. Let another scholar examine the line thus drawn to see if 
he would alter it. It should lie half way between two stations re- 
porting 48 and 52°; but one third way from a station reporting 
48 toward another reporting 54°. Only after free use of these 
lines has been gained should they be named, isotherms. Prac- 
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tice in drawing isotherms on days of diverse distribution of tem- 
perature should be afforded, and the results should be concisely 
described in words. 

Next, select some map with comparatively regular isotherms, 
and ask in what direction a traveller should go from Nashville or 
some other central station, in order to enter most rapidly into 
colder weather; or into warmer weather. It should be perceived 
that his path ought to lie square to or at right angles to the iso- 
therms. Draw such a path for a short distance. Do the same 
from several other stations. Finally, prolong these lines all 
across the map. They will run from the warmer to the colder 
regions; not necessarily north and south. They may be provi- 
sionally called lines of decrease of temperature. Maps should be 
prepared with faint isotherms and strong lines of decrease of tem- 
perature, in order to emphasize the idea of the change of tempera- 
ture, in contrast to the idea of constancy of temperature indicated 
by the isotherms. The lines of decrease will generally trend 
northward; but sometimes to the west, sometimes to the east of 
the meridians. 

The next step in this division of the subject may be delayed 
till other matters of a simpler nature are passed, but it will be 
mentioned here for convenience. Select some line of decrease of 
temperature, and ask where the decrease is most rapid. This 
must be introduced with caution, for the idea involved is not par- 
ticularly elementary; but if well presented, it will serve admir- 
ably to teach the principle of rates; on which I find many a college 
student very poorly grounded. It will soon be discovered that 
the decrease of temperature is most rapid where the isotherms 
are closest together. A given decrease of temperature will there 
be passed over in the least distance ; or conversely, a greater de- 
crease will be experienced in a given distance. With this idea in 
mind, compare maps for summer and winter; notice the relatively 
equable distribution of temperature in summer, and the associated 
slow change of temperature along the lines of decrease; and com- 
pare this with the violent contrasts often found on winter maps 
between the mild air of Florida and the extreme cold of the far 
northwest. Climatic facts of greater importance are thus discov- 
ered. They may well serve as texts for exercises in English; for 
it is no small matter to express the whole of these results in con- 
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cise and well-chosen language. Being a result obtained by the 
work of the scholars, a result that has grown up under their 
own eyes, it is a much better subject for exercises in composition 
than "the art of printing", "the beauty of virtue", and others 
of that kind which clouded my composition-days. 

The wind may be studied before the last subject. The wind 
arrow's should be strengthened into visibility; care being taken to 
introduce examples at first in which aberrant wind courses are few 
or wanting. Maps with an area of high pressure in the northwest 
and a low pressure centre off the eastern coast, or vice versa, are 
to be preferred; for in such cases, the wind moves in broad 
sweeping paths. In order to bring out the movement of the air 
all across the country, wind-lines should be dotted in between 
the stations of observation, but in sympathy with the observed 
wind directions. The flow of broad atmospheric currents is thus 
rendered visible. Heavier lines may be used for faster winds; 
and with this graphic aid, it will be soon perceived that there is 
a prevailing increase of velocity in passing from those large areas 
out of which the winds seem to flow, towards these smaller areas 
into which they curve obliquely. This is an important generali- 
zation, to be recalled later. As in the exercises on temperature, 
these results should be clearly formulated by the scholars. A 
gradual advance will be thus made towards discovering the right- 
handed outward spirals and the left-handed inward spirals which 
the winds prevailingly follow. 

The distribution of pressure is more difficult of clear explana- 
tion than any other subject connected with the weather maps, 
yet it must be introduced rather early, on account of its great im- 
portance. Unfortunately, the variations of atmospheric pressure 
are not perceptible without instrumental aid; and still more un- 
fortunately, so expensive an instrument as a good barometer can- 
not be provided for all grammar schools. It is sometimes pos- 
sible to borrow one from a generous neighbor for a week or two, 
and then a few days' observation will show the fact of change of 
pressure, after which further advance is easier. Another diffi- 
culty comes in the matter of reduction of barometric readings to 
sea level; a subject that cannot be explained here, nor in the 
grammar school. It must suffice to say simply that certain cor- 
rections are applied to the observations at different stations in 
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order to make them comparable; and even this may be omitted 
until it is called for by some questioner. The drawing of isobars 
may be quickly explained, because it is merely a repetition of the 
method used with the isotherms; but a striking difference is 
noticed in the forms of the two classes of lines. The isobars 
frequently encircle areas within which the pressure is higher or 
lower than anywhere else on the map. These are generally indi- 
cated by the words high and low. HIGH and LOW. Lines of 
decrease of pressure should be drawn on several maps; especially 
on maps exhibiting these high and low pressure areas distinctly; 
and the places of rapid and slow decrease of pressure should be 
discovered. As before, careful attention should be given to the 
expression of the observed facts, as far as possible in language 
chosen by the scholars. Few technical terms should be intro- 
duced at this early stage of the study. After accounts of indi- 
vidual maps, generalizations may be attempted : what has been 
noticed as occurring on several maps may be described under a 
single heading. Clouds, rain and snow, and humidity may re- 
ceive some attention at this stage, but they may also be post- 
poned to later exercises. 

Thus far, no attempt has been made to connect the several 
weather elements. The next step introduces the important cor- 
relation between pressures and winds. 

Compare the direction of the wind with the direction of the 
lines of decreasing pressure. There is a certain agreement; but 
it is not precise. In most cases, the winds turn to one side of 
the direction of decreasing pressure. Let this be very carefully 
stated; and in . the simple generalization, accessible to nearly 
every boy and girl in a grammar school, "the wind generally 
turns a little to the right of the line of decrease of pressure, " we 
have a re-discovery of what is commonly called Buys-Ballot's law. 
It is, indeed, not a little interesting to notice how many great 
discoveries may be easily repeated by children in the grammar 
schools ; discoveries which cost eminent meteorologists a great deal 
of labor only half a century ago; but which are now laid plainly 
before any persevering young student of the weather maps. 

In case the brighter scholars ask why the wind does not go 
straight along the line of decreasing pressure, let the teacher be 
careful as to the answer. No proper explanation of this fact can 
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be given at this stage. It is a result of the rotation of the earth; 
but the current explanations of the process by which the deflec- 
tion of the wind is produced are unsatisfactory, to say the least. 
The correct principle, as embodied in Ferrel's law, states that 
there is force arising from the earth's rotation, which tends to de- 
flect all bodies to the right in the northern hemisphere, but to 
the left in the southern hemisphere. It should be noticed that 
this applies as much to motions eastward or westward, as to mo- 
tions north or south; and therein this correct statement differs 
from the popular explanation; but this is only by the way. The 
demonstration of the law is given in Ferrel's treatise, referred to 
above. 

By selecting distinct examples, it may be easily seen that the 
wind is stronger where the decrease of pressure is rapid; that it 
is weaker or calm where the distribution of pressure is equable. 
This relation of wind velocity to rate of decrease of pressure 
ranks among the more difficult exercises; but it may be safely 
accomplished if the teacher is careful to advance very slowly; to 
insist on close observation and simple description of the facts 
noted; to use no technical terms before the facts that they name 
are clearly apprehended; and to repeat similar exercises until the 
principles that they illustrate are fully comprehended by the 
class. 

Another correlation of far reaching importance is discovered in 
connecting the spirals of wind motion with the areas of high and 
low pressure. This is too often told to a class among the first 
lessons; but I am persuaded that it is a mistake to introduce so 
large a result before the many antecedent facts are well learned; 
and it is also a mistake to infringe on the right of school chil- 
dren to make their own discoveries of simple laws, by announcing 
the laws before there has been any opportunity for sufficient 
study of them. A rather neat method of emphasizing this cor- 
relation is found in the preparation of composite diagrams of the 
winds in high and in low pressure areas. This may be done by the 
scholars as follows: — Draw a line through the middle of a sheet 
of tracing paper, about half the size of a weather map. Mark the 
ends of the line, N and S; place a dot at the middle of the line. 
Lay the dot over the centre of a low pressure area, and orient the 
tracing sheet : that is, turn the N-S line parallel to the local merid 



536 The School Review 

ian. Then trace off all the wind arrows that are reported at 
stations whose lines of pressure decrease approach the low pres- 
sure centre. Do the same on several other maps, on which well- 
marked low pressure centres are included. Accumulate in this 
way a good number of wind arrows. They will all fall into their 
proper position with respect to the centre of low pressure; and 
they will be seen to exhibit a graphic average of the inflowing 
left-handed spiral, characteristic of these areas. The same proc- 
ess may be repeated for high pressure areas on another tracing 
sheet. If velocities are noted as well as directions, the length of 
the arrow may be drawn proportionate to the strength of the 
wind. The prevailingly high velocities around low pressure areas, 
and the low velocities and calms in high pressure areas will stand 
out very clearly. 

Clouds and rain or snow may be examined next; and a striking 
relation will be found between their distribution and the occur- 
rence of high and low pressure areas. As the different kinds of 
clouds are not specified on the weather maps, the distribution of 
clouds is not so instructive as that of rainfall. 

Thus far, nothing has been said as to the progression of the 
weather areas across the country. If this has been discovered by 
the class, let it be naturally talked about; but do not for that 
reason omit its precise examination in due course. The place of 
the centre of a low pressure area on successive maps may be 
charted on a blank outline map; a line joining these points may 
be called the track of the low pressure centre. A number of such 
tracks should be collected on a single map. The same may be 
done for the high pressure areas. The frequent passage of low 
pressure areas across the Great Lakes and down the St. Lawrence 
valley will soon be discovered. If the collection of maps is suffi- 
ciently extended, the greater activity of the winds around the low 
pressure centres, and the greater velocity of the progression of 
the centres along their tracks in winter than in summer should be 
made out. Interesting correlations may here be made with the 
facts already discovered about the winter season in which the de- 
crease of temperature is most rapid. 

Finally, the correlation of passing areas of high and low pres- 
sure with weather changes may be attempted; and here the cli- 
max of the work is reached. Like the progression of weather 
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areas, this may be discovered earlier by the brighter scholars; 
but it deserves careful working out and repeated illustration. 
Then and not till then, is local weather fully appreciated. Then 
and not before, may attempts be safely made at weather predic- 
tion by the class. 

Much more might be said regarding the later phases of this 
work, but space will not allow of it: yet there are certain matters 
remaining to which I wish to devote a few paragraphs. 

The first concerns the technical terms and the physical expla- 
nations that the teacher may usefully introduce from time to 
time. When the lines of pressure decrease are familiar, they may 
be called temperature gradients or thermal gradients. They may 
be qualified as strong or weak ; and numerical values may be as- 
signed to these adjectives. In a similar way, the term pressure 
gradient, barometric gradient, or baric gradient may be used, 
qualified, and measured. The term, deflection, may be used to 
denote the departure of the wind from the baric gradient. The 
average value of the deflection angle should be determined. When 
the several characteristic features of the areas of low pressure and 
of high pressure are well recognized, they may be called cyclonic 
and anticyclonic areas; or more briefly, cyclones and anticyclones: 
— although I fear there maybe objection to the use of these words 
in some parts of the country, on account of the prevailing misap- 
plication of the term cyclone to designate the destructive local 
storms, or tornadoes, from which our country suffers. Among 
meteorologists, there is no such confusion ; the Weather Bureau 
sanctions the use of the terms as here suggested; and a similar 
use is general in Europe. But in all cases, care should be taken 
not to introduce any terms until the ideas which they are to name 
have become perfectly familiar to the class. 

Regarding explanations: — I have already suggested a caution 
as to the cause of the deflection of the wind from the gradient. 
In my own opinion, that subject should rest quietly until a later 
course in the high school, when it can be seriously taken up and 
correctly explained. Again as to the cause of cyclones and anti- 
cyclones; meteorologists are at present not altogether agreed, 
but the weight of opinion seems to regard them as large but sub- 
ordinate eddies in the still larger whirl of the atmosphere around 
the poles, rather than as convectional phenomena. 
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The latter explanation may apply to the occasional cyclones of 
the torrid zone, but it does not seem to be generally applicable to 
the continual procession of cyclones in the temperate zones. But 
in grammar school work, it is not advisable to discuss the cause of 
these complicated phenomena. It is safer merely to lead the 
class to discover certain processes that are not directly indicated 
on the weather maps, instead of bringing up matters of theory. 
For example, the inflowing spiral winds of the cyclonic areas im- 
ply an ascent of the air currents around the centre; and this is 
confirmed by the prevailingly cloudy and wet condition of the 
atmosphere in these areas. Conversely, the outflowing spiral 
winds of the anti-cyclonic areas, imply a slow descent of the air 
from aloft; and this is in turn confirmed by the prevailingly clear 
sky of these areas. Here, however, a caution should be intro- 
duced if any mention is made of the cause of the clouds and rain- 
fall in the cyclonic areas. They are not cloudy and wet because 
the moisture of the lower air is condensed by "the cold of the 
upper regions." In spite of its general currency, this explanation 
has little or no value. The ascending air becomes cloudy in great 
part because of the cooling that it suffers on account of its own 
expansion as it rises to levels where the pressure upon it is re- 
duced. Conversely, anticyclonic air is clear, because it is warmed 
by compression during its descent. At the base of anticyclones 
in winter, the air is very cold; but this is not because the cold of 
the upper regions has been brought down. That is impossible. 
The air under winter anticyclones is cold because the earth cools 
rapidly by radiation through the clear and clean air above it; the 
snow-covered ground thus becomes very cold, and the lower air 
is cooled by radiation and conduction to it. These matters are 
briefly referred to here, because some mention of them often has 
to be made in teaching, and because they are so often misunder- 
stood. 

Regarding the further use of the facts discovered on the 
weather maps. Nearly every item may be applied to other parts 
of the world than our own country. The heats of summer illus- 
trate the torrid zone; the colds of winter bring the frigid zone to 
us. The whirling winds of our cyclones are repeated in similar 
storms of the southern hemisphere; but there they whirl the other 
way. The frequent variation of our winds under control of pass- 
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ing cyclones and anticyclones may be contrasted with the steady 
flowing trade winds (called trade winds, by the way, because of 
their steadiness, not "because they are useful to commerce"). 
The eastward passage of the stormy cyclones with their clouds 
and rainfall, and of the quiet anticyclones with their clear sky, is 
one of the most characteristic features of the temperate zone. 
These atmospheric disturbances form a procession around either 
pole outside of the tropics; but they seldom enter the torrid zone. 
The milder temperatures of our western coast and the extreme 
heats and colds of the continental interior teach one of the 
greatest climatic lessons that the world has to tell. The broader 
continent of Europe-Asia repeats the same lesson with increased 
emphasis. 

Finally, as to the discipline afforded by study of this kind. It 
develops neatness of handiwork, sharpness of observation, careful 
generalization, concise formulation. It leads to independent 
work by every scholar, having in this the character of laboratory 
work. It affords opportunity for finding out things, for dis- 
coveries; than which nothing else so greatly encourages a boy or 
girl in school duties. It brings explanations to familiar facts, 
before unreasoned. I do not urge these features as superior to 
similar features in other studies, but as strong recommendations 
for giving practical elementary meteorology a fair share of time 
among grammar school studies. 

IV. M. Davis 

Harvard University 



